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EFFECT OF DOWNWASH ON THE ESTIMATED ELEVATOR DEFLECT ION
REQUIRED FOR TRIM OF THE XS-1 ATRPLANE
AT SUPERSONIC' SPEEDS

By James T. Matthews, Jr.
SUMMARY

This report contains the results of an investigation to determine
from linearized theory, which has recently become availeble, the down—
wash at supersonic speeds at the tail of the XS-l airplane and the
effect of the downwash on the slevator deflection required for trim.
The results are presented in the form of curves showlng the variation

of downwash angle with angle of attack %& and elevator deflection

required for trim plotted against Mach number.

The average value across the span of the horizontal tall (neglecting
the fuselage) of %5 ig about 0.5 at a Mach number of 1.1 and decroagur
a

rapidly to a value of about 0.08 at a Mach number of 1.4. The value of
%i then gradually decreases to O at a Mach number of about 1.9 with

a

the possibility of a very slight amount of upwash in the Mach rumboy
range: from 1.9 to 2.2. Above u Mach number of 2.2 the Mach conow trom

the wing tips are outboard of the taill surfaces and %& 1g the same ao
N

if the tail were in two—dimensional flow <;hat is, %i. = 0;.
(€164 .

The calculations indicate that increasing up—elevator deflection is
required with increasing Mach number (ungtable variation) in level flight
between Mach numbers of 1.1 and 1.6. A slight reduction in up—:levator
deflection occurs betwesn Mach numbers of 1.6 und 2.0. the stobilizer angle
has a similar variation, that is, unstable up to a Mach number of about
1.6 and then becoming slightly stable up to a Mach numbsr of 2.0. The
ruvduction of downwash with increasing Mach number is not the maln cauge
of thu increase in up-elevator deflection. The main reagona for thin
trend ure that the pitching-moment coefficlents due to the wing cambor,
the wing 1ift, and the 1lift of the stabilizer are all in a nosc-down
direction, and as the Mach number increases, these pitching—moment coef—
flcliento apparently decrease less rapldly than the elevator offecctlveneass.
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' INTRODUCTTON

Any information that can be used to predict the stabillity and
control changee of an airplane at supersonic speeds 1s urgently needed
at the present tims. This paper presents the variation of downwash
with angle of attack at supersonic speeds for the XS—-l airplane. This
variation was obtained by applying several simplifying assumptions to
Lagerstrom's linearized-—theory calculations for the downwaesh of three—
dimensional 1lifting wings at supersonic speeds. Several curves showing
the estimated variation of elevator deflection required for trim with
and without the effect of downwash are presented to give an indication

of the effect of downwesh on the longitudinal stability and control of
the airplanae.

SYMBOLS
a angle of attack
A aspect ratio
T mean aerodynamic chord
Cy 11ft coefficient (L/qS)
acCy,

Cr = —&

o = 5
¢, - %L

s " 3%
Cm Pitching-moment coefficient of the’wing-fuselage combination

o)

about 1ts aerodynamic center EQ—

4 qST,
%é variation of downwash with angle of attack
it stabllizer incidence, dogrees
B, elevator deflection, degrees (measured relative to stabilizer)
1 tail length (measured from c.g. of alrplene to hinge line of

elevator)

M Mach number
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q dynamic pressure ( %QV2>
S surface area, square feet
X distance from center of gravity to aerodynamic center of

wing—fuselage combination (positive for aerodynamic
center ahead of c.g.)

Sub =cripte:

t tail
w wing
e elevator

*

ANALYSIS

Calculations of the variation of downwash at the tail with angle of
attack were made using reference 1. Theoretical calculations based on
tho linearized theory of supersonic flow are presented in reference 1
for the downwash at supersonic speeds of trapezoldal wings and rectangular
wings. Since no calculations were presented for a tapered wing similar
to the wing of the XS—1 airplane, a rectangular wing of the same area
and span was assumed in this investigation.

The data of reference 1 for the trapezoidal wings with tips cut off
aliong the inboard edge of the Mach cones from the wing tip are more
complete than those for the rectangular wings. It was found by comparing
the curves of reference 1 for the case in which the tail was in the plane
ant i{nfinitely far behind the wing thet the downwash was almost identical
for both types of wings provided the span of the trapezoidal wing was
takon slightly larger than the span of the rectangular wing. For thls
rengon the more complete data for the trapezoidal wing werc used as an
aid in falring the curves used to estimate the downwash at the tail of
tha XS-) airplens.

A three—vliew drawing 1s presented in figure 1 showing the pertinent
dimensions and characteristics of the XS—1 airplane. Flgure 2 presents
d¢

tho theoretical variation of == with Mach number. The values of %é

da
progsented are average values over the semispan of the horizontal tall.
Tt. is expected that the actual downwash at supersonic speeds will be lesgs
thon the theoretical value below a Mach number of about 1.1 and will falr
into the subsonic values. Above a Mach number of 2.2 the Mach cones from

tho wing tips are outboard of the tail surfaces and 4€ 45 the same as

da
1f the tall were in two—dimensional flow (éhat is, %ﬁ = O).
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The elevator deflections required for trim wer:s computed by equating
the pltching moments of the airplane to zero about its center of
gravity (0.25C) using the following relation:

CmquE + CyaSx — Clqt“tqstl - CL5660qStl =0

Figure 3 presents the asgumed variation with Msch number of the
pitching--moment coefficient Cmo’ the lift—curve slopes for the wing
and tall C and CLat, and the elevator effectiveness CL6 . The

Luw e
experimental curves at subsonic speeds were arbitrarily faired into the
Lheoretical curves at supersonic speeds as shown by the dashed lines.

The experimental subsonic values were used as an aid in fairing the

values near a Mach number of unity, as it is generally accepted that the

linearized—supersonic—flow theory 1s not applicable in the low supersonic

range of Mach numbers. The experimental values of C and Cyp were
Ly, .

obtained from reference 2. The experimental values of CL were obtained
be
from reference 3. The pitching-moment coefficient at zero lift about the

acrodynamic center Cmo wvas calculated from the formula given in reference 4

which ig baged on the linearized theory for two—dimensional flow. The
gupersonic values of CL were calculated from the following relation:

a
L 1
Ci, = —7——= {1 ———="
« M° — 1 2AVME — 1
The values of CL at supersonic speeds were calculated from reference 5;

B

e
however, these values were found by comparison with unpublished experimen—
tal data to be about 50 percent too high ‘at all Mach numbers. The values

of CL& used herein were reduced accordingly.
e

An average subsonic value for the aerodynamic center of the wing—
fuselage combination of S percent of the mean aerodynamic chord obtainsd
from wind—tunnel tests was shifted rearward to 30 percent of the mean
acrodynamic chord for supersonic speeds. The rearward shift of the aero-
dynami( center of the wing alone is shown by theory to be somewhat less

thun 25 percent of the mean aerodynamic chord. The relative destabillizing
erfect of the fuseclage decreases at supersonic speeds, however, because
o' the disappearance of upwash ahead of the wing. The value assumec for
the aerodynamic-~center location was intended to account for this effect.
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More detailed estimation of this quantity was not thought to be Justified
becauge accurate theoretical treatment of a wing-fuselage combination 1in
supersonic flow 1s not available. The angle of attack of the wing for
zero 1ift was assumed to be zero. The wing incidence was taken as 2.5°.
The effect of the 1.0° twist of the XS—1 wing and the interference of

the wing body were nsglected. The angle of attack of the tail used in
the pitching—woment equation includes a constant 2° downflow. It is

believed that this downflow exists because of the flow around the fuselage.

The 2° downflow was found from wind—tunnel data to occur at subsonic
speeds. The same value bhas been assumed to exist at supersonic speeds
since theory indicates that the angle of flow in the region of the taill
1s very similar at subsonlc and supersonic speeds.

DISCUSSION

Figure U presents two pairs of computed curves of the elevator—
deflection variation with Mach number. Ons palr of curves is for level-—
flight 1ift coefficlents with and without the effect of downwash snd the
other palr of curves 1s for a constant 1ift coefficient of 0.27 with and
without the effect of downwash. All the computed curves of elevator
deflection are for a stabilizer incidence of 2.2° leading edge up, a
wing loading of 80 pounds per square foot, and a pressure altitude
of 49,000 feet.

The calculations indicate an unstable variation of elevator deflec—
tion with Mach number (increasing up-elevator deflection is required
with increasing Mach number) in level flight between Mach numbers of 1.1
and 1.6. After a Mach number of about 1.6, therse is & slight reduction
in the amount of up elevator required up to a Mach number of 2.0, which
is the extent of this investigation. The variation of stabilizer
incidence for trim (5, = 0.0°) with Mach number is presented in figure 5
and Indicates that the variation 1s unstable in the Mach number range
from about 1.1 to 1.5 and then becomes glightly stable in the Mach number

range from about 1.5 to 2.0. The calculations also show that the reduction

in downwash with increasing Mach number i{s not the main cause of the
increase in up-elevator deflection. The main reasons for this trend are

that the pitching-moment coefficients due to the wing camber, the wing lift,

and the 11ft of the stabilizer are all in a nose~down direction. As the
Mach number increases these pitching-moment coefficients apparently
decrease lessg rapidly than the elevator effectiveness.

It appears that in level flight at a pregsure altitude of 4G, ,000 fcet
with a wing loading of 80 pounds per square foot and a gtabilizer
incidence of 2.2° (leading edge up) the waximum up elevator of 11.0°
will be reached at a Mach number of about 1.6. Ample stabilizer
travel 1s avallable, however, to change the trim so that the elevator
deflection may be reduced to &on{g} a?z dggired Mach number. Under the
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conditions stated previously, but by use of a smaller stabilizer incidence,
it appears that level flight could be maintained with the elevator travel
available from a Mach number of 1.3 to 2.0,

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 2.- Theoretical variation of the downwash parameter d¢ with Mach
a

number for the XS-1 airplane.




NACA RM No. L8HO6a

06a

*aueidale

T-G¥ 89U} I0] I9)U9D JTWERUAPOISE aY) JNOA® JUSTOIS02 Juawowr- BUTYd 3Y) pue ‘SSaU3ALIDP;3d

I101BAST® ‘[1®) pue 3uim Y} Jo sodols 3AIND-}I1] dY} JO ISQUIMU UJEN Yilm UOTIBLIBA -'C 24ndlg
Asquingy Yy 20p
] 67 g/ L QY S7 1 44 Y4 27 I/ o/ & 4 L 9 .
4444 u.O T T _ T T p0-
AN ILN3QIdNOD _
t T 7/J —//
LN
7 s —o § ~
— '
| T 0 AR
v.‘ — ] _ - —t T < n
- T ] 3
7 —{—a] J4 .»/ 144 D/f n
Tt " \ A A
~ / / _ w 0/
— ~ ¢ N \.\v_ QQ./} A
\ = N 32
N ! L NN
N ! )
r”.ll I\\w AN \\ N\.“ ’7
02132403y [ — N \ - .
| 02132403 . « g o
| poAIOS m——H N ~ oy
€12 Joh [DpUIWIAITXT — L
7
0
g D
2 ¥
N S S il == oo™ T
F =] W w
~ | I I
™~ l 20.7 w
) /0013403y | — — B
N —t—t w £33
IVILNIQIINOD, N o | s 2
] | L i £o-
~

}

A

--315SVIDNN

-



]
b 1C07 axenbs u1ad spunogd 08 ‘2urpeot Sum 1198 000'6¥ ‘erminie sinsssid :dn a3ps 3uipesy
& o0%'3 S0UBDIZUT JazZIMICRIg  ‘witay 103 pa.Imbad uonosIep 1018ASTS JO 19QUNU UDBA YiIm UOHELIR) - aan8r g
g A3guunps Yooy
m oz &7 87 L7 97 S/ v/ £7 z/ /7 o/
3 T y T ' o/
2 TN IWILNIAIINGD w/
§
» N
P g " Q
- < \ P
AT X
— o/
- \\ ml
e & N
A
2 N
\ \\\\ ocZ ”./f
A~ 0
P 3
A Q’
W 7 o I
P YSomumop 1noyyim j g € — - o
- F n
T Ysomumop yyimypg - ____
-F 7 o#¢
| - ysomumop 1noy ym by jord] ey
IVILN3QIINOD HSOomumop yym 3461y rea 37 ¢y Q
o i ] i ; ! i 1 ! ] ! ] | | ] o /0
~

Ll Y
e




11

NACA RM No. L8HO6a

"100] asenbs 1ad spunod g ‘Sutpeol Suiam {188) 000'6Y ‘epniniTe aanssaad {500 ‘uonOaIep

I01BASTE  “IYST] 19AS] UT WILI} JOJ palMmbal souaploul 1oz {IqBIS JO Jaqiunu YoBN Uilm UOTIRLIRA -°G 2andig
4SqUNN Y0y
o7¢ &6/ e/ L/ o/ £/ ¢/ e/ r ¥4 /7 o7/
T T Y T T NI
VN TVILNIOIINOD
\l
o
< ¢
)
IVILN3QIINOD
i | V

amopay

Y ‘SoUSPIII A321(GOIG

an 3/

L

e



